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RESEARCH MEMORANDUM

EFFECTS OF SOME ATRFOIL-SECTION VARTATTIONS ON WING-
¢

ATLERON ROLLING EFFECTIVENESS AND DRAG AS DETFRMINED IN
FREE FLIGHT AT TRANSONIC AND SUPERSONIC SPEEDS

By Carl A. Sandahl, William M. Blard, Jr., and H. Kurt Strass
SUMMARY

‘An experimental investigation has been made in fres flight of the .
rolling effectiveness of plain ailerons in conjunction with wings having 0°
and 450 sweepback employing several airfoil sections. The total drag
of the test vehlcles was also obteinsd. Pogitive control effective-
ness over the Mach number range investigeted was obtained for the configu-
rations which employed airfoil sections with treiling-edge angles of
the order of 10°. Reversal of effectiveness was encountered for
configurations with trailing-edge amgles of the order of 20°. The aileron _
effectiveness was not appreciably affected by changes in the shape of
the forward part of the airfoll section. For the rectangular wings nesar
Mach numbers of unity, the blunt-nose sections had slightly lower drag
than did the sharp-nose sections. At higher supersonic Mach numbers the
drag of the rectangular wings having sharp-nose sectlons approached
that of the sweptback wings. For the sweptback wings, variations of
alrfoil section produced no measurable differences in drag for the Mach
number range lnvestigated.

INTRODUCTION

At the present time the Pillotless Aircraft Research Division of

the Tangley Laboratory is engaged in an investigation of wing-aileron
rolling-effectivensss characteristics at transonic and supersonic speeds
utilizing rocket-propelled test vehlcles in free flight. A considerable
amount of systematic experimental information relating to plailn ailerons
on wings of various plan forms having NACA 65009 airfoll sections has
been obtainsd by the technigues described in references 1 and 2. The
results obtained have been summerized in reference 3.

In order to evaluate the effects of some major variations in :
airfoil section on the rolling effectivensess of plain allerons, tests 5
were made of configurations having NACA 65A009, NACA 16- 009, symmetrical lN
double-wedge and circuwlar-arc alrfoll sections of 9-percent thickness L(X e\
ratio. These four sectlons were tested with wings of aspect ratio 3.71, . 4;”
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taper ratio 1.0 having 0° and 45° sweepback. The purpdse of thls paper .
. 1s to present these additional results. : - ' : ' P

The tests were made by means of the technique described in reference 1 .
which permits the evaluvation of the wing-eileron rolling effectiveness )
continuously over the Mach number range from about 0.6 to 1.9 at relatively
large scale. The variation of total drag coefficient with Mach number = = . 7
was also obtained. - ' - '

SYMBOLS S T

‘122% wing-tip helix angle, radians - : o _
P rolling velocity, radians per second
b dlemeter of circle swept by wing tips, feet -
v flight-path velocity, feet per second . N
Cp total drag coefficient based on exposed wing area (1.563 sq ft)
M Mach number : ' L . = : -- - .— -
R Reynolds number based on wing chord (0.59 ft) .
A aspect ratio (-E>
c chord of wing parallel to model center line, feet o T
Sa. deflection of each alleron measwred in plane normal to chord

plane and parallel to fuselage ¢Genter line, d.eg;rees (see . -

fig. 1(v)) . =
1o wing incidence measured in plane of 8,, degress (sse fig. 1(b))

TEST VEHICLES AND TESTS

The gemeral arrangement of the test vehicles is ghown in figures 1
and 2. Additional pertinent information ls conteined in tebles I and IT.

The. test vehlcles, which were relatively simple, inexpemsive, and g
expendable, consigted of a pointed cylindrical wooden body to which the
particuler wing-alleron configuration under iInvestigation was attached
in a three-panel arrangement. Unpublished tests of three- and four-panel ..
axrangements indicate that, with regard to the rolling-effectiveness '
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characteristics, the Interference effects betwsen the wings were negligible.
Several test vehicles, differing nominally only in the aileron deflection,
of' each configuration were tested. The models were finished with clear
lacquer and were smooth and fair.

The wings were constructed of laminated wood and wsre stiffened
by means of steel plates cycle-welded into the upper and lower wing
surfaces as shown in figure 1. The outer surfeces of the steel plates
were covered with & wood venser to facilitate construction. In order to
establish that thls construction possessed sufficient stiffness to
minimize the effects of wing twistling, several test vehicles of configu-
retions 50 (A = 0°) and 53 (A = 45°) (see table II) having reduced wing
gtiffness were constructed. The reduction in wing stiffness was obtainsd
by reducing the thickness of the steel stiffening plates and by using
plates of duralumlin of reduced thickness. In this way, the wing stiffness
wag progressively reduced to about one-third of that-of the wings employed
In the present tests. The results of the flight tests showed nc measurable
variation of rolling effectiveness with wing stiffness for the range of
gtiffness values lnvestigated indicating that the effects of wing twisting
on the present experimental results are nsgligible.

The wings were constructed with the aft 20 percent of the alrfoil
sections deflected to the deslred smettings. This method of construction
simulated piain, sealed, full-span allerons. The meagured values of
aileron deflection and wing incidence are estimated to be within +0.1°
and 20.05°, respectively, of the actual values.

The test vehlicles were propelled by a two-stage rocket-propulsion
system to a Mach number of about 1.92. During coasting flight following
burnout of the rocket motor, time histories of the rolling velocity
produced by the ailerons (obtained by means of a small radlo transmitter
deosignated "spinsonde" contained in the nose of the test vehicles) and
the flight-path velocity (obtained by Doppler radar) were recorded. These
data, in conjunction with atmospheric data obtained by means of radiosonde,
permitied the evaluation of the wing-aileron rolling-effectiveness
parameter g% as a Tunction of Mach number. The drag coefficient was
also obtained by & process involving a graphical differentiation of the
flight-path velocity-time relation. The scale of the tests is Indicated
by the curves of Reynolds number versus Mach number in flgure 3. A more
complete description of the technlque is given in references 1 and 2.

ACCURACY

The accuracy of the test results 1s estimated to be within the
following limits:
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g&2v (reproducibility of results from supposed.ly 1dentical T
models) . . . . . .« . . . . . . .. . $0.001
g Al (accuracy of results for any one model owing to limi-
& tations on instrumentation) . e e e e e . . . . 30,0001
thoooe
Yo J 1}

Because the measurement of the rolling veloclty of the test vehicles
is made while the roliing veloclty is changing, the measured values

of gf differ from steady-roll values. As described in reference 1, the

measured values can be corrected to steady-roll values by a relation
involving the moment of inertla about the roll axls, the rolling
acceleration, and the damping in roll. In figure 4 are shown the measured
and corrected variations of g% 'with Mach number for the configwration
from the present tests for which the correction to steady gtate conditions
was lergest. In meking the correction an arbitrery value of -0.2 for

the damping-Iin-roll derivative was used over;the entire Mach number range.
The value of -0.2 is very approximate and is probably conservative; it~
was chosen simply to illustrate that the magnitude of the correction is
negligible for any reasonable value of the damping-in-roll derivabive.
Consequently, the data presented hereln have not bsen corrected to
steady-roll conditions.

RESULTS AND DISCUSSION

The experimental results of the present investigation are given in
figures 5 and 6 as curves of the wing-~tip helix angle fg%- and total drag -
coefficlent CD against Mach number. The wing-alleron rolling-effectiveness
characterlistice of the configurations tested are summarized in figure 7

asg curves of 2V/6 versus Mach number. The results in figure T have

been corrected to zero wing incidence by means of an empirical relation
between wing incidence and wing-tlp helix angle. This relation was

obtained by flight testing several configurations similar to those of .
the present tests except that the wings werse set at 4O incidence and the

ailerons were undeflected. These flight tests indicated that the o

increment in g% due to wing incidence was squal to 1.5 times the angle

of incldence in radians for the Mach number range of the present tests.
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Rolling characteristics of the rectangular-wing configurations.-
The wing-alleron rolling-effectiveness characteristices for the
rectangular~wing conflgurations summerized in figure 7(a) show that, at
the lowest Mach numbers investigated and at any Mach number in excess
of about 1.2, the rolling effectiveness is of the same order for all
configurations tested. However, in the Mach number range from 0.88
to 0.93, reversal of effectiveness for the deflectlons tested is shown
for the configurations having the alrfoll sections with the larger
trailing-edge angles, that is, the NACA 16-009 and the 9-percent-thick
circular arc. In the corresponding Mach number range, reversal 1s not
shown for the configurations having the NACA 65A009 and the 9-percent-
thick double-wedge alrfoll sectlons both of which have smaller trailing-
odge angies. 'Comparison of the results for the NACA 65A009 section
with those for the double-wedge alrfoll section indicates that the
variation of effectiveness with Mach number is primarily related to the
tralling-edge angle and not to the shape of the forward .pert of the
alrfoil section. Comparison of the results for the NACA 16-009 and the
clrcular-arc alrfoll sectlons Indicates the same relation.

Rolling characteristics of the sweptback-wing configurations.- The
results in figure 7(?7 for the swept-wing configuration show that the
configurations having the smaller trailing-edge angles exhibit &a gradual
variation of effectiveness over the Mach nmumber range investigated. For
the models employing the NACA 65A009 and the double-wedge airfoll sections

b
the values of EVJS&’ which are presented for several alleron deflections,

agree randomly within the limits of reproducibility of the test results
indicating a reasonably linear variation of rolling effectiveness with
alleron deflection over the range of deflections tested. The rolling
effectiveness of the configurations employing the NACA 16-009 and.
circular-arc airfoll sections 1s nonlinear with deflection and is reversed
for the smaller deflections over a relatively large supersonilc Mach number
range. The Mach number range over which reversal occurs is much larger
for the swept wings than for the unswept wings.

Drag measurements.- The variation of total drag coefficilent with
Mach number for the models tested is summrized in figure 8. The curves
in figure 8 were obtailned by averaging arithmetically the drag of all
the models of each configuration presented in figures 5 and 6. It
should be noted that the total drag measurements are influenced by sectlion
angle-of -attack distribution due to the rolling velocity, aileron deflection,
and by unknown interference effects.

The results for the rectangular wings presented in figure 8(a) show
that the sharp-nose sections have markedly less drag than the blunt-nose
gectlons at the higher Mach numbers investigated. At Mach numbers
approaching 1.7, the drag of the rectangular wings with the double-wedge
section approaches that of the wings having 450 sweepback. For the
rectangular wings in the vicinity of Mach numbsr 1, the blunt-nose
sections have slightly less drag then do the sharp-nose sections. The
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drag rise of the double-wedge sectlons on the rectangular wings occurs
at lower Mach numbers than for the other sections tested. The higher
drag of thils section at high subsonic Mach numbers 1s probably due to
boundary-layer separation induced by the abrupt change of -direction of
the upper and lower surfaces at the midchord point.

The results for the sweptback configwration given in figure 8(b)
are colncident within the experimental accuracy indicating that, for
the Mach number range investigated, the effects of airfoil section on
the drag of wings having 45° sweep are smmll. o

CONCLUSIONS i o L

The main conclusions based on the results of the present investigation
my bhe stated as follows:

1. Reversal of rolling effectlveness of plain allerons on the
rectangular wings was obtained for trailing-edge angles of the order
of 20° in the Mach number range from about 0.88 to 0.93. Reversal was
not obtained for trailing-edge angles of the order of 100

2. Reversal of_effectiveness of plain ailerons on the swept wings
wag obtained for trailing-edge angles of the order of 20° over a B
relatively large Mach number rangs. Reversal was not obtained for o
trailing-edge angles of the order of 10°. '

3. The ailleron effectiveness was not appreclably affected by changes
in the shape of the forward part of the alrfoll section.

L. For the rectangular wings near Mach numbers of unity, the blunt-
noge alrfoll sections had slightly lower drag. then did the sharp-nosge
sections. At the higher supersonic Mach numbers investigated, the
gharp-nose airfoil sections had considerably less drag than did the
blunt-noge sections. s o

5. At Mach number 1.7, the drag of the unswept wing having the
symmetrical double-~wedge section was equal to that of the wings
having 45° sweepback. " . : -

6. For the sweptback wings, the various airfoil seétions investigated =~

produced no measurable differences in drag 1o~ the Mach number range
Investigated.

Langley Aeronautical Iaboratory =
National Advisory Committee for Aeronautics
Iangley Air Force Base, Va.
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TABLE T

PHYSICAL CHARACTERISTICS OF ALl TEST VEHICLES

‘Total exposed wing area, 8g £ « « « o 4 ¢ + « ¥ ¢ ¢ ¢« « o « o + + 1563
Agpect ratblo, A « ¢ 4 ¢« 4 ¢ v e vt e e v e s e e e e e e e . 371
Taper ratlo « ¢ ¢ ¢ ¢ ¢« o o o s o ¢ e s 6 s b 2 e e e s e . 1.00 -
Ratlo of aileron span to exposed wing sSpan . « ¢ . S e « 1.00
Ratio of ‘alleron span to total wing span «. .« « o« « + ¢ + = . 0.81

Ratlioc of &alleron chord to wing chord . . . ‘ e e
Moment of inertia about center line of test vehicle s slug--i"l:2 « s+ 0.0 0 T
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TABLE IT
PHYSTCAL CEARACTERISTICS OF CONFIGURATION TESTED

dNominal
e et e T
(deg)
20 0 654009 10.6
15 0 16-009 21.0
119 0 (v) 102
17 0 (e) 20.4
53 45 654009 10.6
116 45 16-009 21.0
120 45 (b) 10.2
b u E © - o
8In plane parallel to test vehicle center line. ;

bDouble-wedge section of 9-percent-thickness ratioc symmetrical with
respect to chord line and to line normal to chord line a+t midchord
polint.

CCircular-arc section of 9-percent-thickness retio symmetrical with N
respect to chord line and to line normal to chord line at midchord
point.

drn Plane parallel to test vehicle cemter line. Actual measured velues
agreed with nominal values within +0.2°,
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(e) A= Oo.

Figure 2.~ Photographs of typlcal test vehicles_,
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Figure 2.— Concluded.
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(2) NACA 65A009 airfoil section.

. Figure 5.— Experimental results. A = 0°.
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Figure 5.- Continued.
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Figure 6.— Experimental results. A = )+5°.
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Figure 6.~ Continued. ' Ll
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Figure 6.— Continued.
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